INTRODUCTION
Despite optimism about the end of AIDS, and remarkable progress towards this ambition, a sustained HIV response will be required for years to come. HIV remains the fifth global cause of morbidity and mortality, and ranks second in sub-Saharan Africa (Murray et al., 2012) . Unprecedented resources have been mobilised in response to the epidemic, reaching US$19.1 billion in 2013 in low and middle-income countries. Yet, this still falls short of UNAIDS' previous resource needs estimates of US$22-24 billion by 2015 and its US$36 billion estimate for 2020 in the ambitious 'fast-track' scenario that would seek to reduce the number of new infections and AIDSrelated deaths by 90% by 2030 (UNAIDS, 2014a) .
With the success of antiretroviral therapy (ART), HIV infection is no longer a death sentence, and national governments face the challenge of how to sustain their growing obligations and duty to maintain people on lifelong treatment (Lule & Haacker, 2012) , alongside laudable commitments to continue scaling up treatment access for all those who are HIV-infected (UNAIDS, 2014a) , and the need to continue investing in HIV prevention to reduce the rate of new infections. This challenge is substantial. A recent paper estimates the fiscal consequences of this moral duty to treat (Collier et al., 2015) . The figures are stark. In a scenario where 81% of people living with HIV with CD4 counts below 350 mm 3 are on ART, the fiscal obligations of treatment alone until 2050 have been conservatively estimated at 21% of current Gross Domestic Product (GDP) for South Africa, and 80% of current GDP for Malawi, among others (Collier et al., 2015) . The International Monetary Fund (IMF) sets the 'sound' threshold for the debt burden of countries at 40% of GDP, and therefore this hidden HIV-obligation is potentially of real economic concern for both governments and donors. Some now argue that HIV is a fiscal as well as a public health crisis, particularly in sub-Saharan Africa (Collier et al., 2015; Vassall et al., 2013) .
To date, much of the HIV response across the region has depended on international financing: only 10% to 22% of HIV expenditures in 2013 were financed from domestic sources in low-income and lower-middle-income countries respectively (UNAIDS, 2014a) . However, with the flat-lining of external HIV funding commitments, optimistic economic growth forecasts and the prospects of increased revenues from natural resources (Vassall et al., 2013) , several global and regional declarations have called for African governments to fund more of their own responses (Buse & Martin, 2012; Galarraga et al., 2013; Resch et al., 2015) . This, it is argued, would allow M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 3 donors to refocus their resources on countries that most need external support (Resch et al., 2015) . In addition, there is a growing promotion of 'innovative financing' mechanisms -such as earmarked taxes or diaspora bonds (Atun et al., 2012; Katz et al., 2014b ) -to create new sources of HIV financing. A withdrawal or re-allocation of donor financing, without a compensating domestic financing response, may affect the continuity of care for those on treatment, and/or have high opportunity costs by removing financing from other critical areas of domestic spending both within or beyond the health sector. Paradoxically, some of these other areas of spending may also be fundamental to the effectiveness of the HIV response, such as education or the strengthening of health systems (McIntyre & Meheus, 2014; Seeley et al., 2012) . It is therefore important to understand the factors that influence countries' potential ability to sustainably fund their national HIV response, without negatively impacting on spending in other critical areas or undermining macroeconomic conditions. Previous investigations into the amount of domestic financing available for the HIV response have not been comprehensive or formally adjusted for past patterns of financing. These analyses may have been overly simplistic; providing a partial understanding of the overall potential financing available. Some have analysed the determinants of domestic financing for HIV or the potential of specific financing sources (Avila et al., 2013; David, 2009 ; Galarraga et al., 2013; Katz et al., 2014b; Resch et al., 2015; Van der Gaag et al., Not dated; Zeng et al., 2012) . However, none of these studies considered options under all of the potential sources for generating new resources (revenue mobilisation); sharing existing resources differently (reallocation); and spending existing resources better (efficiency gains). Previous analyses have only considered spending for services within the health or HIV boundaries, and do not consider how spending in other sectors that also influence health or HIV may contribute to effective financing of the HIV response. Finally, most estimates of domestic financing for HIV to date have used normative targets in areas such as allocations to the health sector and general revenue generation capacity, assuming that these norms can be reached (Resch et al., 2015) , although there is one previous study that examines whether countries can achieve levels of spending observed among their peers (Galarraga et al., 2013) , but does not examine whether these levels are optimal.
Focusing on the 14 most HIV-affected countries in SSA, this paper explores the potential to expand domestic financing for HIV from a comprehensive range of domestic sources, including general health and cross-sectoral financing streams. We examine the financing system as a whole, incorporating changes in efficiency of M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 spending, as well as revenue-raising. We use two approaches: one focused on achieving a range of financing targets -our 'normative' approach; and the other that incorporates previous fiscal behaviours, to try to incorporate the 'real world' constraints on domestic financing. For the latter, we examine historical fiscal data to explore how much changes in key characteristics of domestic public finance (such as proportional spend on health care) have led to changes in HIV expenditure. In doing so, we aim to demonstrate a comprehensive empirical approach to estimating the available domestic financing for HIV, and provoke discussion on the appropriate policy response and allocation of international financing for the HIV response in the coming years.
METHODS
We applied the concept of 'fiscal space' to explore how much additional public financing could be made available for HIV in the next 5 years, in the 14 sub-Saharan African countries with the largest HIV epidemics and expected fiscal burdens (Lule & Haacker, 2012; UNAIDS, 2014b )-South Africa, Nigeria, Kenya, Mozambique, Uganda, Tanzania, Zimbabwe, Malawi, Zambia, Ethiopia, Lesotho, Botswana, Namibia and Swaziland. These include the 10 countries with the most people living with HIV (PLHIV) and all hyperendemic countries, with adult prevalence above 15%. Together they account for 85% of the disease burden in the region, in terms of number of PLHIV (UNAIDS, 2014b) . Our analysis focused on the medium-term, i.e. the next 5 years, given the uncertainty around the macroeconomic and political context in the longer run, but we discuss the implications for addressing the substantial economic challenge of HIV financing in the coming decades.
In public finance, 'fiscal space' is used to describe the budgetary space available to allocate public resources to a specific objective, without damaging other developmental or macroeconomic objectives (Roy & Heuty, 2009; World Bank & IMF, 2006) , including fiscal sustainability. The potential sources of fiscal space for HIV are similar to those for health services generally, but may vary across countries. Theoretically, domestic sources include: (1) conducive macroeconomic conditions through economic growth, (2) improved taxation/revenue generation, (3) borrowing, (4) reprioritisation (within the government or health budget), (5) sector-specific earmarked sources of revenue, and (6) efficiency gains (Heller, 2006; Powell-Jackson et al., 2012; Tandon & Cashin, 2010 ). An additional external source is external grants.
To explore which financing policy options have the most potential to create fiscal space for HIV -measured as increased public HIV spending -we followed two approaches. The first 'extended normative' approach considers what countries could be spending, given their fiscal position, health system and epidemic context. We estimated how much fiscal space could be created for HIV in a specific country by reaching a normative target or benchmark, using a comprehensive set of fiscal space sources, and holding all other factors constant. For example, how much more could a country spend on HIV if the health share in government spending was increased to the so-called Abuja target of 15% that was agreed upon in 2001, and HIV spending increased proportionately? These estimates are likely to be optimistic and can be seen as representing an upper bound estimate of fiscal space.
In the second approach, we seek to challenge these optimistic estimates to reflect some of the uncertainty around the impact of each fiscal policy change on the fiscal space for HIV, by incorporating empirical evidence on how the different fiscal levers were associated with public HIV expenditure in the past. This empirical approach aims to explore which financing options are most likely to translate into real increases in public HIV resources based on past behaviours. To do this, we developed econometric models to test to what extent variation in public HIV spending between countries may be explained by variation in the different fiscal levers.
This second approach incorporates the possibility that changes in fiscal indicators may not always 'trickle-down' to changes in public HIV spending. For example, an increase in the share of health in the national budget may result in a decrease in the relative share of HIV in the heath budget, if policy makers are satisfied with levels of HIV spending.
Data sources
We used publicly available data on the latest fiscal, macroeconomic, epidemiological, expenditure and health system data available between 2008 and 2012. A full description of all data sources is contained in the supplementary appendix [INSERT LINK TO SUPPLMENTARY APPENDIX]. We analysed the fiscal space implications for the 14 selected sub-Saharan African countries, but for the empirical approach, we used a crosssectional dataset of 92 countries. Table 1 presents its summary statistics. We did not impute missing values, [ Table 1 about here]
Extended Normative Approach
Our extended normative analysis considered how much additional resources could be generated if countries were to meet targets or benchmarks anchored in either fiscal capacity, minimum standards or optimal targets. We drew on the framework of domestic fiscal space sources above. In addition to forecasted economic growth, government revenue generation, and the prioritisation benchmarks used in a recent study (Resch et al., 2015) , we included borrowing and incorporated new norms for the earmarked revenue category and efficiency gains.
We used norms set by global/regional agreements, governing bodies or institutions, such as the International Monetary Fund (IMF). Where these were not available, we developed norms based on optimal levels from other countries as described below. All financing sources and measures are summarised in Table 2 .
[Table 2 about here]
Compared to previous normative analyses (David, 2009; Resch et al., 2015;  Van der Gaag et al., Not dated), we included three additional components of fiscal space. First, we attempted to quantify the potential fiscal space from health-earmarked revenue sources, using the example of social health insurance. To estimate how much fiscal space may be generated from such a scheme, we assumed current out-of-pocket expenditures in excess of the WHO acceptable level of 20% of total health expenditure spent in the private sector, could be converted into social health insurance premia that would flow to the government health budget and be used for strategic purchasing (Kutzin, 2013) . We also examined the fiscal space generated by an increased excise tax on alcohol (beer specifically), whereby the net additional revenue from increasing the tax from its current level to the West African Economic and Monetary Union's threshold of 50% (Mansour & Graziosi, 2013) could be allocated to health, and proportionately to HIV.
Second, we constructed a simple measure of technical efficiency using the ratio of non-drug expenditures per person retained on ART to GDP per capita, and identified the best performing country among the 14 countries M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 7 per income category (low-income, lower-middle-income, upper-middle-income). We then estimated logarithmic functions for each income category based on these best performers and the finding from a cross-country empirical analysis of ART unit costs that found that a doubling in per-capita GDP was associated with a 22% increase in non-drug ART unit costs (Menzies et al., 2012) . These function served as an efficiency frontier to estimate each country's potential non-drug ART unit cost given its GDP per capita, and how much fiscal space would be generated if each country reached that benchmark in their HIV programme, thereby freeing up further resources to spend on HIV services. It is worth pointing out that we did not find an adequate cross-country measure of allocative efficiency between HIV programme areas, while this may be a key source of efficiency gains.
Finally, while previous analyses have implicitly assumed that less prioritisation of the HIV programme would reduce fiscal space for HIV improvement (David, 2009; Resch et al., 2015) , we explored the potential HIV gains from reprioritisation towards investments in other areas of spending (either in health systems, or in other sectors) that have been shown to improve HIV outcomes. To illustrate this potential, we used an exploratory crosssectional econometric model for Prevention of Mother-to-Child HIV Transmission (PMTCT) screening (see appendix S12), which examines how much higher PMTCT screening coverage could be achieved if countries achieved the WHO minimum norm of having 2.3 health workers per 1000 population. We then estimated how much more a country would have had to spend in total on HIV to achieve that same increase. We applied that percentage increase to the public HIV spending figure, as a measure of potential savings to the HIV budget from investments by other budgets. Put differently, by using the effects of human resource inputs and financial inputs on service coverage, we were able to calculate the monetary valuation of the effect of increasing the number of health workers to the norm, from the HIV budget holder's perspective. To illustrate the same potential for interventions outside the health sector (Seeley et al., 2012) , we took the example of how a reduction in undernourishment to the Millennium Development Goal (MDG) target, could improve HIV service coverageagain using PMTCT screening coverage -and therefore free up space in the HIV budget .
Empirical Approach
To examine how domestic HIV spending in low and middle-income countries was associated with movements in different fiscal levers in the past, we constructed separate econometric regression models for each fiscal space source used in the extended normative approach, except the non-HIV efficiency sources that were estimated for illustrative purposes from a separate model described in the appendix.
Each of the regression models are specified as follows:
where Yj, the dependent variable, is public HIV spending per person living with HIV (PLHIV) in country j; Cij is a vector of covariates ci with θi vector of mean coefficients; x is each explanatory variable (or fiscal space source) with β its mean coefficient; and εi is an error term. The dependent variable and independent variables with monetary values or proportions were transformed into natural logarithmic form, implying that the coefficients of the independent variables can be interpreted as elasticities, or measures of responsiveness (Gerdtham et al., 1992) .
Covariates were selected based on a previous study investigating the determinants of domestic HIV spending (Avila et al., 2013) . These include disease burden (HIV prevalence), quality of governance (control of corruption), and national income level (GDP per capita). In addition, we include international HIV spending per PLHIV as a covariate, given the potential interaction and fungibility with public spending, as documented in the health expenditure literature (Lu et al., 2010) . The year of the spending data was added as a time trend variable for the independent effect of changes in technology, medical practices and cost pressures (Fan & Savedoff, 2014) .
Finally, we included regional dummies to account for qualitative differences between UNAIDS regions.
We specified seven different models. In the first model, we included all the aforementioned covariates and the first theoretical source of fiscal space: economic growth, proxied by GDP per capita as the independent explanatory variable. In the seven successive models, we kept GDP per capita as a covariate and added variables for each theoretical source of fiscal space one by one (models 2 to 8). We would expect public HIV spending per PLHIV to be positively associated with GDP per capita, government revenue, government health
and HIV prioritisation (David, 2009; Heller, 2006; Resch et al., 2015) ; but negatively associated with out-ofpocket health expenditures per capita (the inverse of the extent of risk pooling) (Fan & Savedoff, 2014) . The relationship with government debt could be either positive or negative, depending on whether additional borrowing frees up other government resources for the HIV programme (David, 2009; Elovainio & Evans, 2013) .
The relationship with the measure for technical efficiency (the non-drug cost per person retained on ART) is particularly ambiguous, as it will depend on whether a more efficient ART programme attracts more government resources or less.
We used ordinary least squares estimation and performed standard diagnostic tests to validate the underlying assumptions. To explore the sensitivity of the findings and obtain additional insights into the variability of the effects, we used two additional estimation methods: quantile regression and neighbour matching fixed effects (Colombo et al., 2014) . The former is less sensitive to outliers and accommodates for the effects of the independent variables to vary over quantiles of the dependent variable. Indeed, it is likely that public HIV spending is more or less responsive to changes in fiscal policy at different levels of spending. In addition, it is possible that our models omit important variables (observable or unobservable) that are driving both fiscal policies and public HIV spending. For example, certain dimensions of governance may not be sufficiently captured in our measures. To take this possibility into account, we applied neighbour fixed effects modelling (Colombo et al., 2014) , which involves a matching exercise between neighbouring countries aimed at controlling for unobserved characteristics that are similar between neighbouring countries (see appendix 4.2.3).
Comparing the two approaches
We compared the cumulative maximum public HIV spending per PLHIV under the first approach where all normative targets are met, to an empirical scenario based on past government responsiveness to changes in each fiscal lever using the coefficients (or elasticities) from the OLS models for each statistically significant source of financing. Finally, we estimated the financing gap by comparing both estimates to the average annual fiscal cost of delivering HIV services over the same period in a continued scale-up scenario, as modelled in a recent analysis (Hontelez et al., 2016) .
RESULTS
As presented in Table 3 , annual public HIV spending in the 14 countries is currently estimated at US$3.04 billion.
Using the extended normative approach, we estimated that in the next five years an additional US$120 million while investments to reduce malnutrition could further save US$653 million of direct HIV investment (see appendix S13-15).
[ Table 3 about here]
The largest sources of fiscal space varied considerably between countries and income categories. For our selected low-income countries, a greater prioritisation of HIV in the health budget could mobilise substantial resources. For the lower-middle-income countries, a greater prioritisation of health in the national budget had the greatest potential in the medium-term. The next best option was borrowing, which was largely driven by Nigeria's low debt ratio.. For the upper-middle-income countries, greater HIV prioritisation in the health budget and savings following a more efficient delivery of ART services were the top source of fiscal space. Within the five-year period, economic growth and better revenue generation would provide comparatively fewer resources across all countries. Interestingly, the potential HIV budget savings from non-HIV investments compared favourably with other sources, especially in low-income countries.
There was substantial variation in both fiscal space and the number of fiscal levers available across countries.
For example, Lesotho and Malawi have few options to create substantial fiscal space, whereas Nigeria could capitalise on several options that could independently double its current expenditure.
The empirical models in Table 4 show how much fiscal space was generated for HIV in the past from changes in each fiscal lever. They indicate that the assumption that other fiscal levers remain unaffected when one fiscal lever is changed may overestimate the potential for additional financing. Our analysis of the determinants of past spending suggested that only higher GDP per capita (economic growth) may have led to a more than proportionate increase in public HIV spending, as a 1% increase in GDP per capita was associated with 1.09% increase in public HIV spending (model 1). This may indicate that HIV services were viewed in economic terms as 'luxury' services, which received larger shares of income as income grew -or were 'income elastic'. However, since this coefficient is not significantly greater than 1 (ranging from 0.94-1.24), public HIV spending could also have received a smaller or equal share of national income as it increased). The neighbour pair fixed effects model presented in Table 5 , found a higher and more robust income elasticity (1.25), while the quantile regressions suggested more responsiveness among the lower spenders (typically the lower-income countries) and less among the bigger spenders (1.21 vs 0.75).
[ Table 4 about here]
Conversely, countries with a 1% higher prioritisation of health in the national budget only spent 0.40% more on HIV, indicating that countries spent disproportionately less of their larger health budget on HIV services. The bigger spenders (75 th percentile) were more responsive to this lever, while the lower spenders might not have been (Table 5 ). Looking more closely at the determinants of HIV prioritisation, we found that countries with a 1% higher health share in the government budget, allocated 0.74% less to HIV from the health budget (appendix S11). This suggested that countries that prioritised HIV more, did so despite or in compensation of lower government health spending. Model 7 in Table 4 seems to further corroborate this, as even a 1% increase in the share of HIV in the health budget was only associated with a 0.76% increase in HIV spending. This low level of responsiveness, or 'inelasticity', is robust to all estimation methods (Table 5) .
[ Table 5 about here]
Other fiscal levers did not seem to have had an impact on HIV expenditures to date according to the OLS estimation, but their signs were consistent with our expectations and all coefficients suggested an inelastic That being said, we gained further insights from the alternative estimation methods we used to explore what these results were sensitive to. For example, another noteworthy difference is that after adjusting for unobserved characteristics that are similar among neighbouring countries, improved government revenue generation appeared to be significantly associated with public HIV spending, while health prioritisation was not. This suggests that governments that were better at collecting revenue were also more consistently able and willing to spend those resources on HIV.
Another finding worth highlighting is the repeatedly significant positive relationship between countries' levels of public and international HIV spending. A 10% increase in international spending was associated with a significant 1.0% to 4.0% increase in public HIV spending (Table 4 ). This may be linked to its significant positive relationship with government's prioritisation of HIV in the health budget (appendix S11).
If past behaviours of low and middle-income countries continue into the future, we found that fiscal space may only be realistically created from economic growth, greater health or HIV prioritisation. For these prioritisation measures, the resulting increase in public HIV expenditure would be less than has been assumed, and a larger share of health in the national budget and of HIV in the health budget have not been achieved simultaneously.
Comparing the maximum annual fiscal space estimates under the normative approach to the fiscal space estimates based on the responsiveness found in the OLS models, with only GDP per capita, health and HIV prioritisation being brought up to their forecasted levels or targets, we find between 4% and 80% less potential public finance in the selected countries (median 57% less) (see Figure 1 ).
[ Figure 1 about 
DISCUSSION
Our analysis suggests that the most HIV-affected lower-income countries in sub-Saharan Africa will not be able to generate sufficient domestic public resources in the medium-term, even if they take very bold measures to improve revenue generation, reallocate resources and maximise efficiency in line with their economic capacity.
The shortfall between the optimistic normative estimate of potential financing and recent conservative estimates of financial obligations (with continued scale-up) remains considerable (Hontelez et al., 2016) . Some of the lower-middle income countries could cover these costs in principle if they would adopt normative targets and tap more innovative fiscal levers. However, when past HIV financing behaviour (which may be rational) is taken into account, even they could not pay for their HIV programmes. Only the upper-middle income countries could potentially shoulder the fiscal costs of their responses in the near future. Our findings therefore support the broad global policy response to increasingly target international financing.
Our normative estimates of fiscal space are substantially higher than previous studies, because we include a more comprehensive (but still non-exhaustive) set of fiscal policy options, including some unconventional ones.
This provides an optimistic picture, with significant effort required to realise some of this potential. We consider borrowing as a serious policy option; unpack and quantify some health-earmarked sources; as well as efficiency gains from within and beyond the HIV programme. When comparing the same sources, we generally find similar potential as the most recent study by Resch and colleagues (2015) , although our estimates of fiscal space from economic growth and general revenue generation tend to be somewhat lower, possibly due to differences in data sources.
When we constrain our estimates by the empirical models of which levers have been related to public HIV spending in the past, they become lower than previous estimates. This approach highlights that achieving various norms/benchmarks is not likely to automatically translate into a real proportionate increase in HIV spending; in part due to the interaction between different fiscal policies. Therefore, focusing on reprioritising resources towards HIV and/or health alone, based on targets that have already proven to be politically challenging -may end up yielding less additional finance than anticipated.
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It should be noted that our findings have several limitations. First, the quality of HIV spending data is weak. They may partly reflect spending where government is the agent rather than the source; capture disbursements rather than expenditures; and identify only HIV-labelled expenditures rather than overall expenditures for HIV.
Secondly, we implicitly assume an immediate policy decision, no transaction costs and the absorptive capacity to implement fiscal targets (David, 2009 ). This is unlikely, particularly in areas like converting out-of-pocket expenditures into social health insurance premia, and hence we may overestimate the short-term potential from these sources. Similarly, although our empirical analysis was designed to incorporate the uncertainty around adjustments between fiscal policies, we have not incorporated the uncertainty around the feasibility of achieving A third limitation stems from relying on global analyses to draw conclusions for the sub-Saharan African subgroup, and past spending data to predict future spending. Indeed, it is reasonable to expect that the 14 most
HIV-affected countries are qualitatively different from other low and middle-income countries, just as governments may make decisions differently going forward, especially if donors start changing their financing patterns (Dieleman et al., 2014; Kates et al., 2014) .
Finally, an important limitation in our empirical models is a potential endogeneity bias from our cross-sectional dataset. Although we used similar methods adopted in previous studies on the determinants of HIV and health expenditures (Avila et al., 2013; Fan & Savedoff, 2014; Gerdtham et al., 1992; Xu et al., 2011 )-albeit for panel datasets -there is a risk when making causal inferences. We applied the neighbour fixed effects approach (Colombo et al., 2014) to address the potential omitted variable bias, but neither estimation method addresses the potential bi-directionality between certain explanatory variables and public HIV spending. We considered this bias for each of the variables of interest. Where they may influence our estimates, it is likely to be by attenuating the impact of fiscal adjustments and overestimating coefficients. This would imply that our adjusted 'real world'
estimates are still overestimates of the real fiscal policy effect on pubic HIV spending, but they would be closer than current normative estimates. The only exception would be GDP per capita, where we find greater Despite these limitations, our findings have some clear specific policy implications. Our empirical analysis suggests that governments have not used many of their domestic fiscal levers to increase HIV allocations.
Country-level consultations indicate that domestic resource mobilisation has not been a priority in certain countries, given the availability of large external HIV funds and varying perceptions as to their likely decline (Katz et al., 2014a) . This could further explain why increasing the tax base was not consistently associated with past public HIV spending, as external HIV financing may have been easier for governments to mobilise.
Only economic growth, health and HIV prioritisation appear to have consistently influenced national levels of HIV expenditure. Strong economic growth in Africa is being hailed as a major source of domestic financing, but although we find that public HIV spending is very responsive to income (similarly to health expenditure (Fan & Savedoff, 2014; Xu et al., 2011) ), the magnitude of the increase from this source alone is relatively small in the medium-term (Elovainio & Evans, 2013) . Nonetheless, it represents a relatively reliable source that could sustain and multiply the impact of other measures in the long run. With strong political will, it may also be used more proactively to ring-fence resources for HIV services through a more than proportionate allocation formula, where desirable.
Countries could generate significant resources by reprioritising health in the general budget and HIV in the health budget (Resch et al., 2015) , even though their independent and joint potential may have been overestimated to date (Tandon et al., 2014) . Moreover, greater HIV reprioritisation could risk crowding out other areas of health investment (McIntyre & Meheus, 2014) , although the evidence on this is mixed (Samb et al., 2009 ). It may be particularly difficult to further prioritise HIV in contexts where external financing is declining, without a simultaneous increase in other fiscal space sources, as our empirical models suggest that international financing This contrasts with previous studies that find evidence of fungibility in the health sector more generally, whereby increases in development assistance for health channelled through governments have been associated with reductions in public spending on health from public sources (Harper, 2012; Lu et al., 2010; Xu et al., 2011) . Even though it suggests care has to be taken to ensure appropriate co-financing arrangements, this could bode well for future agreements between governments and donors, such as the Global Fund's counterpart financing requirements or the PEPFAR partnership frameworks. However, there may be external explanations for this finding. Alternative interpretations include that much of HIV-related aid may have been channelled to NGOs and therefore not displaced government spending (Lu et al., 2010) ; or aid may be given to countries that already prioritise HIV more and have better governance, as we find in our analysis. This may also be a measurement error, where some reported public spending may include external aid channelled through government budgets.
In terms of the new areas of financing identified, our analysis suggests that several are worth further exploration.
Concessional borrowing has potential in principle, assuming the returns to these investments outweigh the costs of borrowing. Yet, this has not been a politically attractive option for direct HIV spending or for freeing up government resources. This could have several reasons, including that governments may not view HIV spending as an investment with financial returns, despite the 15:1 return estimated by UNAIDS (UNAIDS, 2014a).
Moreover, this ability to borrow could also be a reflection of recent debt relief in some countries resulting in low debt stocks, rather than sound debt management. Yet, given the magnitude of future HIV treatment obligations, the case could potentially be made for more concessional HIV borrowing, especially in resource-rich countries (Ncube & Brixiová, 2013) . Further macroeconomic modelling is required to estimate the dynamic feedback of HIV investments on fiscal space.
We also find substantial potential from earmarked sources for health, suggesting that those focusing on HIV years (Katz et al., 2014a) . This is considerably less than our estimated US$ 89 million per year, but is likely a more realistic estimate of gradual revenue generation through this mechanism. Earmarked increases in alcohol taxes could also generate resources, in addition to their expected double dividend of reducing HIV transmission and improving treatment efficacy (Hill & Sawyer, 2012; Vassall et al., 2012) . Kenya and Benin have also considered HIV-earmarked taxes on airline tickets and mobile phone usage, respectively (Katz et al., 2014a) .
However, any earmarking may reduce fiscal flexibility and allocative efficiency in public finance more broadly (Kutzin, 2013; Tandon et al., 2014) ; and may not be acceptable to ministries of finance. Moreover, it is quite likely that increased revenues from HIV-earmarked sources may in practice be accompanied by a reduction in allocations from general government revenue to HIV (McIntyre & Meheus, 2014; Tandon & Cashin, 2010; Tandon et al., 2014) . In the extreme case of Kazakhstan, for example, following the introduction of a payroll tax earmarked for health, the subsequent general tax allocation to health reduced by more than the additional payroll tax, leading to a net reduction in health resources (Elovainio & Evans, 2013) . Such mechanisms therefore might not generate any additional resources in the absence of credible commitment mechanisms.
Our analysis confirms the potential of technical efficiency gains; and supports the global policy emphasis on improving HIV programme efficiency for a sustained HIV response. Our estimates for South Africa, for example, suggest that there could be more to gain from the latter than from a greater prioritisation of health. However, the empirical data does not confirm our input-oriented measure of technical efficiency as a determinant of past public HIV spending. This may be because higher unit costs can influence spending in two opposite ways: by increasing spending to get the same output, or decreasing government's willingness to allocate resources to an inefficient programme. Also, this measure does not sufficiently capture price differentials or site-level heterogeneity. Nonetheless, it was expected to broadly reflect in aggregate terms the relative room for efficiency improvements, and interestingly, our normative estimates of potential efficiency gains (29% of current spending)
-are more conservative than recent estimates using more sophisticated Data Envelopment Analysis techniques (53%) (Zeng et al., 2015; Zeng et al., 2012) . Our results are sensitive to which country is considered the best performer, particularly for the upper-middle-income country category, which is not surprising given the large M A N U S C R I P T
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18 unexplained variation in ART unit costs found in most empirical studies (Siapka et al., 2014) . Still, further research is needed to develop country-level measures of programme efficiency and understand its determinants.
For low-income countries, we found substantial gains from more effective complementary investments in health systems and social development. In these highly resource-constrained settings, the opportunity cost of increased HIV financing may be particularly high and synergistic investments all the more important. Our findings cautiously suggest that the HIV budget holder could see financial value in contributing to human resource expansion or reduced undernourishment, to avert direct HIV expenditures. This does not necessarily mean that they should do so -the cost of this investment would first need to be determined and the net benefit of the investment established. Effective fiscal space would only be created if the investment required was more efficient than a direct investment in HIV services. However, given that both these investments have wider benefits than HIV alone, a co-financing approach that seeks to maximise HIV and other outcomes may be considered (McIntyre & Meheus, 2014; Remme et al., 2014) . Some argue that the HIV sector has made only marginal short-term investments in health system complements that could be reaching their limits (Bowser et al., 2013) . It may be more rational for HIV budget holders to consider co-investing in these binding constraints. However, more research is needed in this area to explore which non-HIV investments could contribute most to the efficiency of
HIV programmes and what institutional mechanisms could incentivise cross-sectoral and cross-disease governance and financing.
In conclusion, we present a more realistic, but still optimistic picture of improved domestic financing for HIV that will require the HIV community to engage with broader public finance and social development agendas.
International funders can support this effort with a more coherent engagement across health and social development investments, a continued focus on efficiency, and a longer term approach to co-financing national HIV responses within broader health financing frameworks. With the ongoing dialogue on how to finance the sustainable development goals, it will be important that those working in HIV join the call for increased health prioritisation in the context of universal health coverage, and work to identify tailored country-specific approaches to proactively leverage broader development investments. This will be central to expanding access to HIV prevention and treatment in a way that is sustainable and in line with the post-2015 development agenda. For the regressions the dependent variable and independent variables with monetary values or proportions were transformed into natural logarithmic form. The numbers in the cells are regression coefficients (standard errors). Significance levels are denoted as * for p < 0.10, ** for p < 0.05, *** for p < 0.01. Each model tests the relationship with a different fiscal lever: (1) economic growth; (2) general revenue generation; (3) borrowing; (4) health prioritisation; (5) earmarked health revenue through risk-pooling scheme; (6) technical efficiency gains in the HIV programme based on ART programme efficiency; (7) HIV prioirtisation in health.
M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT Note: Fiscal commitments are average estimates over the same period from Hontelez et al (2016) , except for Botswana, Namibia, Swaziland and Lesotho. For these countries we use averages from the countries in the same income categories. The normative estimate of potential public HIV spending excludes the potential savings from non-HIV spending. 
